The results of theoretical and experimental investigations of the influence of the composition of crosslinked polyolefin composites on the kinetics of their crosslinking and their rheological and thermophysical properties are presented.
FOrmuLaTION OF THE PrOBLEm
The development of materials based on polyolefins with increased heat resistance that meet the technical requirements concerning light resistance, reliability, and technological effectiveness during the production and manufacture of cable and wire products is a promising direction. One of the methods for increasing the heat resistance of polyolefins is their chemical crosslinking using bifunctional organosilicon compounds (OSCs) [1, 2] .
The method essentially consists in the grafting of organosilane to the polyolefin, which in general form can be presented by the following scheme:
Three-dimensional structure formation of the silanemodified polymer occurs through the formation of siloxane units in the process of hydrolysis under the action of moisture:
which are then condensed with the formation of -Si-OSi-bonds and the release of water:
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An important factor that is delaying the introduction of these polymeric materials in the manufacture of cable products is the inherent fire hazard of polyolefins, which is due to their flammability and concomitant processes, i.e. to the ability of the material to ignite and to sustain combustion.
In developing and using composites of silanolcrosslinked polyolefins, methods that promote a reduction in the ignitability of the material and in its ability to sustain and propagate combustion are needed.
For several decades, thermoplastic self-extinguishing polyethylene composites have been used in the cable industry. In order to impart self-extinguishing properties, fireproofing agents are introduced into the polyethylene (PE) composite in the form of a substance containing halogen and antimony trioxide (Sb 2 O 3 ). The ignition of self-extinguishing composites of low-density polyethylene (LDPE) occurs under the action of an ignition source, but they do not sustain combustion after they are removed from the zone of the ignition source [3, 4] .
As fireproofing agents for different thermoplastics, a vast number of halogen-containing organic compounds have been developed and used. These are primarily bromine and chlorine-containing compounds [5] .
The liberation of the halogen and the interaction with antimony trioxide proceed by the scheme:
where R is the organic radical and X is the halogen (bromine or chlorine).
The simultaneous use of fireproofing agents and systems of crosslinking by bifunctional organosilicon compounds is unknown.
In Ukraine, according to electrical installation requirements and DSTU 4743:2007, the need has arisen to create silanol-crosslinked self-extinguishing polyolefin composites [6-10].
The aim of this work was to study the kinetics of processes of crosslinking of polyolefin composites not sustaining combustion, and also their rheological and thermophysical characteristics.
maTErIaLS
The polyolefins used in the investigations were low-density polyethylene (LDPE) and linear low-density polyethylene (LLDPE). Mixtures of Sb 2 O 3 with organobromine and organochlorine compounds were used as the fireproofing agents in a ratio of 1:3. The crosslinking systems were based on vinyltrimethoxysilane.
The characteristics of the materials are given in Tables 1 to 3. A crosslinking system containing vinyltrimethoxysilane, an initiator, and a crosslinking catalyst was introduced into the polymer matrix in the form of a 40% polymer-base concentrate. Thus, a dry silane concentrate was obtained [2] . The dry silane concentrate was introduced into the composite during the application of polymer insulation onto the conductor in the process of cable manufacture. 
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The polyolefin composites were manufactured on the compounding line of the company ERMAFA, based on a BTS 50-35D twin-screw extruder with a screw diameter D of 0.05 m and a ratio of screw length to screw diameter (L/D) of 35.
Specimens of self-holding insulated wires of grade SIPn 2 × 35 were manufactured using composites 1 to 6 on the insulation line of the company Rosendahl, based on an RE 1-120 ARZ extruder with a screw diameter D of 0.03 m and a ratio of screw length to screw diameter (L/D) of 30.
rESuLTS
To study the crosslinking kinetics of silanol-crosslinked self-extinguishing polyolefin composites, the gel fraction content in the composites presented in Table 4 was determined as a function of process temperature and time.
On the basis of the obtained results, graphs of the kinetics of crosslinking were plotted in accordance with the equation [11] :
where C 0 is the gel fraction content (%) at moment in time t = 0, C is the gel fraction content (%), τ is the time of the crosslinking process (s), and k is the rate constant of hydrolytic polycondensation (s The results are presented in Figure 1 .
The mean values of the rate constant of crosslinking of polymer composites 1 to 6 were found from the slope tangent of the line (ln C 0 − ln C) to the time t axis.
The rate constants were determined at two temperatures. The data are presented in Table 5 . From the data obtained, the activation energy of the process was calculated by means of the formula [11]:
where k 1 and k 2 are the rate constants at temperatures T 1 and T 2 respectively, and R is the universal gas constant.
From the obtained results it follows that the crosslinking rate of the polymer composites depends considerably on their composition. When branched polymers (LDPE) are used, the rate is higher than when linear polymers (LLDPE) are used. At the same time, for linear polymers, the crosslinking rate depends on the melt flow index. The higher the melt flow index, the higher is the crosslinking rate.
Also, the process of crosslinking of polymer composites slows down when (XOC + Sb 2 O 3 ) rather than (BOC + Sb 2 O 3 ) fireproofing agents are used. This can be judged from the different values of the rate constants and activation energy during the crosslinking of polymer composites 1 to 6 given in Table 4 . 
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Data of experimental investigations were processed using the standard Microsoft Excel computer program. Graphic dependences were plotted using the Graph 3D program.
The shear rates were determined by means of the formula [12]:
where is the shear rate (s where τ is the shear stress (Pa), P is the pressure necessary to ensure the flow rate through the capillary (dyn), P entry represents the entry losses (dyn), R is the radius of the cylinder (cm), r is the radius of the capillary (cm), and L is the length of the capillary (cm).
The effective viscosity was determined by means of the formula [12]:
where h eff is the effective viscosity (Pa s).
As can be seen from the data presented in Figures 2 to  7 , the curves of flow are displaced towards greater shear rates when polyethylene with a greater MFI is used. The effective viscosity likewise decreases when polyethylene with a greater MFI and fireproofing agents (XOC + Sb 2 O 3 ) are used. However, the maximum degrees of crosslinking are achieved when polyethylene with a lower MFI and fireproofing agents (BOC + Sb 2 O 3 ) are used.
A series of experiments studying the phase transitions and processes of thermo-oxidative degradation were conducted on a thermogravimetric analysis and differential scanning calorimetry TGA/DSC 1/1100 SF instrument of the company Mettler Toledo at a heating rate of 10 K/min [13] . Figures 8 to 11 present TGA/ DSC investigations of the initial polymers and of polymer composites modified with fireproofing agents and crosslinked using dry silane concentrates, and also the dependence of enthalpy on the temperature of polymer composites 2, 3, and 4.
The thermophysical characteristics of the composites are presented in Table 6 .
From data of the TGA/DSC investigations it follows that, for the crosslinked composites, the glass transition temperatures change little, the degree of crystallinity and the enthalpy decrease, but there is a considerable increase in the temperatures of the start of breakdown. This indicates a change in the molecular and supermolecular structure of the polymer composites on account of the grafting of bifunctional compounds and the formation of crosslinks by crosslinking in the process of hydrolytic polycondensation. Thus, the heat resistance of the polymer composites increases. From the experimental data it can be seen that composite 2 based on LLDPE (MFI 3.0), fireproofing agents (BOC + Sb 2 O 3 ), and dry silane concentrate is the more heat resistant. 
